NASA Technical Memorandum 100638 


ADVANCED TURBOPROP AIRCRAFT FLYOVER 
NOISE: ANNOYANCE TO COUNTER-ROTATING- 
PROPELLER CONFIGURATIONS WITH A 
DIFFERENT NUMBER OF BLADES ON EACH 
ROTOR - PRELIMINARY RESULTS 


i? . T 

EOT OB: PRELIMMBY BESOMS (EB3B. Barley 


G3/71 


N89-24888 

Unclas 

0217722 


DAVID A. McCURDY 


JULY 1988 


NASA 

National Aeronautics and 
Space Administration 

Langley Research Center 

Hampton, Virginia 23665-5225 


ADVANCED TURBOPROP AIRCRAFT FLYOVER NOISE: ANNOYANCE TO COUNTER-ROTATING- 

PROPELLER CONFIGURATIONS WITH A DIFFERENT NUMBER OF BLADES ON EACH ROTOR 

Preliminary Results 


o 

< 

cc 

h* 

(0 

GO 

< 


o> 

■§ ® 
g E 
5 c 

-6 -c 
«o| 

o e I 

.8 € § 
o © .E 
c ® nj 

c 
o 
<0 


(/> 

CO OJ 

?? 
CO Cl) 

8 5 

c5 £ 
£ o 




<D 


■D 

Cl) 

D) 

c 

oo 


o 

§ £ to 




X 

00 


ilS: 


0 ) 

o 


CL 

2 

CL 


> CD o 
*= ■o p 

® ® 5 

f- A J 


c 

c 

CO 

c 

o 

c 

CD 

«•-* 

c 

o 

o 


a> 

o 

c 

CO 

>% 

o 

c 

c 

CO 

ts 


A & 


* 5 I 

S| § 

o E .et 
© s x> 
a c ® 

o c ££ 

g 2 o 

0 a> 

II I 

1 Si 

CO C Q) 

® 1 « 

€ 5 s 

•f s: I 

c DC c 
« O CO 

s | S. 

S 8 . I 

0 2 8 
3 Q. 

o O) C- 

8 i 

w -2 
CO o 


- -O 
CO 0) 


:;i 

° q a> 
« .2 « 

S (0 o 
.2 c c 

(3 JQ n 
3 E 

E ° 

.E o 
0 ) ^ 

O) 


CL 

O 


£ 
a> 

© w 

n> 


0 ) 

> 


S' 

o 

CD 


§ C 

| 8 '8 

o ° 

Q. £ 

X -S 
© 3: 

5|p 

O W r- 

■o £X x 
w o W 

< a. '"I 
00 
X 

=» 2 


: 8 
ts .2 
g ts 
© £ 

| 8 
© "2 
I § 

1 8 
© = 

€ 5 

2 c 
p © 

2 1 
© 3 

— * (/> 
TO © 
C © 

CO E 

g- © 
2 w 

S' ° 
€ £ 
2 2 
18 e 

.2 2 
c ° 
® ~ 

o S 
o CO 

o 0 ) 

-C 

a> 

o o> 
c C 

* I 

8 B 

C 0) 
CO "O 


co 

13 

c © P 

~ W rt 

fc' 2 X 
ffl a 2 
> © • 

© X c 
E 2 o 

’*1 x> © 

.y ® £ 

CO CO sz 
-J± > ~ 

1 8 ; 

CO '-g £ 

©go 

•j- t 

2 © to 
© w .5 
© ©* 2 
05 eg I 

P ^ o 

*- “?x 
c 


LO 

X 

r^ 


CM 


CL 


o 


Q. 


O 


A 

i- 

£ 

3 

CD 

A 

5 

CD 

CO 

O 

$= 

c 

o 

CO 

CD 

> 


A 

05 

05 


CD 

aL 

V) 


CD 

x: 

15 


c 

o 


“O 

0 ) 


a 
c 

CD 
3 

cr 

13 - 
E c Q 
© o O) 

rrt 


3 | 
I 8 


sr b 

.52 x= 
co a 


a) 

j= 


_c 

5 


CD 

0 ) 

(/> 

CO 

Q_ 

CD 

E 

X) 


a> 2 

3 g 

CL C 

E 5= 

8 J 

< <o ca 


d o. 


c 

CD 

3 

cr 

CD 


5 S | 

o o c 
*- CO o 

x -g © 

40 « I 

i «?* 
^ - © 
8 -9 © 

o / £ =g 

1 J 5 

X W ® 

E | §• 
8 £ I 

© 8 E 

E ° 2 

C?| 

« 5 .1 

S ■§ C 

5 o £ 
■p .o c 

© • o 

c 2 ° 

© © © 
© 8 > 
£ o - 

© © ° 
*- © V) 

JO £ 

p .E 

© "E 
o 

.•—o 

U) © 

.2 n X 

8 = 1 
© in 5 

2 05 

fag 

**“ o © 
w 


5 jC 


© 


IU \\J 

^ r 


0 ) 


£ 2 E 


P Ol 


c. o S 
■» ! ? 
o 3 a 


CD CM O 

s £ 5 

? E E 

2 £ (/> 


presented at D-weighted sound pressure levels of 70, 80, and 90 dB to 64 subjects in an anechoic chamber. 

Analyses of the subjects' annoyance judgments compare the three categories of aircraft and examine the effects of the 
differences in tonal content among the advanced turboprop noises. The annoyance prediction ability of various noise 
measurement procedures and corrections is also examined. 
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ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 


Figure 1.- An aft-mounted, pusher, counter-rotating-propeller configuration of 
an advanced turboprop aircraft. 



INTRODUCTION 

The return of the propeller to long haul commercial service may be rapidly approaching in the form of the 
advanced turboprop or "propfan" aircraft. The advanced turboprop propeller is vastly different from conventional 
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The laboratory experiment had three specific objectives. The first was to compare annoyance responses to the 
three categories of aircraft. The second objective was to determine the effects on annoyance of fundamental 
frequency and tone-to-broadband noise ratio. The last objective was to determine the ability of aircraft noise 
measurement procedures and corrections to predict annoyance for this new class of aircraft. 
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ADVANCED TURBOPROP NOISE CHARACTERISTICS 
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SYNTHESIS SYSTEM ORGANIZATION 
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Figure 3. - Aircraft Noise Synthesis System 






AIRCRAFT NOISE SYNTHESIS SYSTEM 
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'best level presentations of the advance 
with 30 dB tone-to-broadband noise ratii 
tcy combinations of 135 by 112,5 and 292 











ADVANCED TURBOPROP NOISE STIMULI 
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input to the synthesis system. Each of the 35 simulations was presented to the test subjects at D-weighted sound 
pressure levels of 70, 80, and 90 dB. This produced 105 advanced turboprop aircraft flyover noise stimuli. 



35 ADVANCED TURBOPROP TAKEOFFS 
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Figure 5.- Test stimuli. 


CONVENTIONAL TURBOPROP AND JET NOISE STIMULI 

A summary of the test stimuli is presented in figure 5. Takeoff recordings of five conventional turboprop aircraft 
(P-3, YS-1 1, Dash-7, Nord 262, Shorts 330) and five conventional jet aircraft (A-300, B-707, B-727, DC-9, DC-10) 
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duration corrections to the non-tone corrected level and the two tone corrected levels. The duration correction and the 
first tone correction, Ti, are identical to those used in the effective perceived noise level procedure (EPNL) defined in 
the Federal Aviation Administration FAR 36 regulation (ref. 1). The second tone correction, T2, is identical to the first 
except that no corrections are applied for tones identified in bands with center frequencies less than 500 Hz. 




FREQUENCY WEIGHTING PROCEDURE 

Figure 7.- Comparison of frequency weighting procedures for all aircraft. 
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TONE CORRECTION PROCEDURE 




COMPARISON OF TONE CORRECTION PROCEDURES 
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INTERACTION OF FUNDAMENTAL FREQUENCY AND TONE-TO-BROADBAND 
NOISE RATIO - DURATION CORRECTED L A 

Figure 9 illustrates the effects of fundamental frequency and tone-to-broadband noise ratio on annoyance to the 
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INTERACTION OF FUNDAMENTAL FREQUENCY AND TONE-TO-BROADBAND 

NOISE RATIO - OTHER METRICS 

Figure 10 illustrates the interaction of fundamental frequency and tone-to-broadband noise ratio for duration 
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TONE-TO— BROADBAND NOISE RATIO, dB 



INTERACTION OF TONE-TO-BROADBAND NOISE RATIO AND LEVEL 
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INTERACTION OF TONE-TO-BROADBAND NOISE RATIO AND LEVEL 


* "O 
c 

DC m 

s i 

5 I 


s I 

++ O 


Q) 3 

s § 


O o 

.!> ^ | 
<d 3 
3 E 
o> o 
o 


27 



110 



28 


Duration corrected L A( dB 



COMPARISONS OF ANNOYANCE RESPONSES BETWEEN AIRCRAFT TYPES -- 

DURATION CORRECTED L A 

Figure 13 compares the annoyance responses to advanced turboprop, conventional turboprop and conventional 
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Figure 14.- Comparison of annoyance responses using EPNL. 



COMPARISON OF ANNOYANCE RESPONSES BETWEEN AIRCRAFT 

TYPES - OTHER METRICS 

Figure 14 compares the annoyance responses to advanced turboprop, conventional turboprop, and conventional 
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A laboratory experiment was conducted to quantify the annoyance of people to the flyover noise of advanced 
turboprop aircraft with counter-rotating propellers having a different number of blades on each rotor. Sixty-four test 
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